The evoked mechanical (MMG) and electrical (EMG) responses of muscular activity are two methods currently used to provide measurement of muscle relaxation during and after anaesthesia.l-3 While the MMG responses of the adductor pollicis have been extensively studied and compared with clinical criteria of recovery from neuromuscular blockade in the presence of d-tubocurarine, 4-s similar comparisons have not been performed using EMG responses of the adductor digiti minimi muscle 9 and MMG responses of the adductor pollicis, in the presence of vecuronium.
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The evoked mechanical (MMG) and electrical (EMG) responses of muscular activity are two methods currently used to provide measurement of muscle relaxation during and after anaesthesia.l-3 While the MMG responses of the adductor pollicis have been extensively studied and compared with clinical criteria of recovery from neuromuscular blockade in the presence of d-tubocurarine, 4-s similar comparisons have not been performed using EMG responses of the adductor digiti minimi muscle 9 and MMG responses of the adductor pollicis, in the presence of vecuronium.
In the presence of d-tubocurarine, a MMG train-of-four (T4/TI) value of 0.70 is known to correlate with full recovery of respiratory function in ,partially curarized conscious volunteers, 7 and with acceptable criteria for extubation in anaesthetized patients. 6's This TjTI value and its clinical correlations are currently applied to the other nondepolarizing muscle relaxants, but no controlled studies have been done to support the assumption that the peripheral manifestations of neuromuscular blockade and their correlation with respiratory function are the same for all nondepolarizing muscle relaxants.
This study was designed to determine the EMG and MMG T4/TI values compatible with full recovery of CAN J ANAESTH 1990 / 37 : 2/pp 192-6 respiratory function in healthy conscious volunteers during recovery from a vecuronium-induced neuromuscular blockade.
Methods
The protocol was approved by our Hospital Ethics Committee, and seven healthy volunteers (three women and four men), aged 24 to 34, signed an informed consent to participate in the study. The subjects, who were residents in anaesthesia, did not receive premedication. An intravenous catheter and routine monitoring including continuous electrocardiogram, indirect blood pressure measurement, end-tidal CO2 and pulse oximetry were installed in each subject in a semi-recumbent position. To ensure the comfort of the subjects and to maintain good stability of the MMG baseline monitoring of the adductor pollicis muscle during ulnar nerve stimulation, regional blocks of the medial cutaneous nerve of the forearm and of the cubital nerve on the same side were performed at the axillary level with 10 ml of carbonated lidocaine one per cent plus epinephrine 1/400,000.
A neuromuscular transmission monitor Datex NMT 221 was used to produce supramaximal train-of-four stimulation (range 40 to 50 MA) 2 Hz, of the ulnar nerve at the wrist every 20 see, and to record the evoked EMG response of the adductor digiti minimi muscle. The simultaneous evoked MMG response of the adductor pollicis on the same side was measured using a forcedisplacement transducer, Grass FT-10, connected to a polygraph. A stabilization period of about five minutes was respected for EMG and MMG TnTI responses.
Before the administration of vecuronium, the subjects were instructed in the tests to be performed. They were also acquainted with the different pieces of equipment to be used, including the nose clip and the mouthpiece. The following variables were continuously measured: oxygen saturation with a pulse oximeter Datex 251; end-tidal CO2 with a capnograph Datex 254; tidal volume and respiratory frequency with a spirometer, Ohio 5400. Intermittently, at the various levels of muscle relaxation to be studied, the subjects were asked to lift their head for five seconds. Thereafter, the following respiratory variables were measured: vital capacity with a Vitallograph spirometer (model R, of Vitallograph Limited, Ireland), peak expiratory flow rate with an Assess Peak Flow Meter (Healthscan Inc., U.S.A.), inspiratory pressure with a calibrated water column manometer. The values of the EMG and MMG twitch responses T~Tc were recorded at the times of respiratory tests.
After measuring control values of the above variables, an initial intravenous bolus of vecuronium (0.01 mg" kg-~), was administered, followed by either a bolus, 0.005 mg'kg -j, and/or a continuous infusion titrated to achieve a stable state of neuromuscular blockade at a level of EMG TjTI of 0.50 ---1 per cent. The measurements of the variables were then made twice, with the highest values being recorded. The measurements were repeated at each 0.10 • 1 per cent increase in the EMG TdTt during spontaneous recovery until a value of 1.00 was achieved. Each studied level of muscle relaxation was kept stable by infusion of vecuronium in order to allow enough time to perform the clinical tests.
For statistical analysis, comparisons with control values were made with an analysis of variance for repeated measures, using the Dunnett's test. A value of P < 0.05 was considered significant. Comparisons between the MMG and EMG evoked muscle responses were made with simple linear regression.
Results
All volunteers, except one, experienced a pleasant sedative sensation after the administration of the first bolus of vecuronium, and five of them felt that this sensation persisted for as long as 30 to 60 minutes after the end of the experiment. Weakness of the eyelids with diplopia, followed by moderate weakness of the facial muscles and of the masseter were the first manifestations of motor blockade in all cases. Difficulty in swallowing appeared afterwards. One subject complained of chest tightness at the maximum depression of neuromuscular function (MMG T4/Tt of 0.50), while none of the others complained of dyspnoea at any time. In all subjects, respiratory rate, tidal volume, end-tidal CO2 and oxygen saturation remained unchanged during the whole experiment.
All subjects, except one, could sustain head lift for five seconds at EMG T,dTt of 0.50. That subject succeeded in performing the test only when the EMG T4/TI attained 0.70. neuromuscular blockade with vecuronium, we found that an EMG T,dTt value of 0.90 must be attained for healthy conscious volunteers to achieve normal respiratory function tests. When measuring the evoked MMG response of the adductor pollicis in the same situation, an MMG T4/T] value of 0.50 was necessary to perform the same respiratory function tests.
The linear regression equation defining the relationship between the EMG and MMG Ta/TI values in presence of before considering adequate recovery of neuromuscular function in anaesthetized patients. The clinical correlations found in our study now confirm that conclusion. Data obtained with electrodes over thenar or hypothenar (in the present study) aspects of the hand for EMG are considered to be similar by many authors, 3 but this question is beyond the scope of this investigation. On a theoretical basis, according to the linear regression equation, an MMG Ta/Tt of 0.70 should correlate with full recovery of respiratory function. However, when the values of the different variables were matched to the MMG Ta/Ti values recorded at the time of the functional tests, we found that all respiratory tests had returned to normal when the MMG T4/T~ was 0.50. This low value of Ta/T, correlating with normal respiratory function has previously been suggested in a study using atracurium, where the authors based their conclusion on the fact that none of the patients with a MMG Ta/TI of 0.50 showed signs of residual muscle relaxation in the three hours following their transfer to recovery room. mo Another recent study done with atracurium showed that an EMG TdTi > 0.60 is consistent with normal respiratory function, it Therefore, all recent studies suggest that TdTl values lower than 0.70 correlate with adequate recovery of respiration in the presence of intermediateacting muscle relaxants.
The reason for a lower MMG Ta/T] correlation with normal respiratory function in presence of vecuronium compared with d-tubocurarine 7 is not clear. It may simply be due to the different settings of the investigation. It may also be because different nondepolarizing muscle relaxants have different sparing effect on respiration, so that monitoring of the peripheral evoked response of a muscle (the adductor pollicis) does not indicate the same information about respiratory muscles when different muscle relaxants are used. This is accepted when depolarizing and nondepolarizing muscle relaxants are compared. 12 Previous comparisons between d-tubocurarine, gallamine and toxiferine, suggested a different sparing effect of respiration for those relaxants, but the authors were careful in their conclusions. They felt that the difference between the various nondepolarizing relaxants was due to the fact that maximal muscle relaxation was not the same for each muscle relaxant. 12 The ability to sustain a normal head lift against gravity is a more sensitive index of recovery of neuromuscular blockade than a normal train-of-four. 13 The results of our study might appear to contradict that concept. However, it is important to recall that the sensitivity of the head-lift test was originally established with the use of a strain gauge dynamometer allowing a precise measurement of the strength of the neck muscles involved in head lift.'* In our study, such a specific measurement was not done. It was a clinical assessment in a semi-recumbent position. Therefore, the only conclusion that can be drawn from our results is that the clinical assessment of head lift in partially curarized patients can be misleading, just as the tactile assessment of the TOF response of the adductor pollicis. ~4 We cannot explain the pleasant sedative effect described by six of the seven subjects. It began before evidence of onset of neuromuscular blockade at EMG and MMG and lasted many minutes after complete recovery from neuromuscular blockade. There is no mention of such effect in previous studies in conscious volunteers. However, pancuronium is known to reduce halothane requirement in man. 15 We can only speculate that vecuronium, which has a similar molecular structure, could have a central effect.
We conclude that during neuromuscular blockade with vecuronium in young healthy patients the EMG evoked response of the adductor digiti minimi correlates with recovery of normal respiratory function when the T4/T t is 0.90. The MMG evoked response of the adductor pollicis has a similar clinical correlation when the T4/T I is 0.50. Our conclusions have two implications. First, as more research on muscle relaxants is done with the EMG Datex NMT 221, efforts should be made by the authors to use a T4/TI value of 0.90 in the analysis of their variables. This would allow correlations with clinical tests or with previous data obtained from MMG monitoring. Secondly, the possibility of a different sparing effect of respiration among the various nondepolarizing relaxants should be explored. This could help to explain some of the different effects observed between the intermediateacting muscle relaxants, vecuronium and atracurium, and the long-acting ones, such as d-tubocurarine.
